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TEXAS INSTRUMENTS 
TMS320 DIGITAL SIGNAL PROCESSOR 
PRODUCT FAMILY BULLETIN 


OVERVIEW 

Digital signal processors offer a high- 
performance, cost-effective and easy- 
to-use solution in many traditional as 
well as non-traditional and emerging 
signal processing applications. 

Digital signal processing involves 
the representation, transmission and 
manipulation of signals using numeri¬ 
cal techniques and digital processors. 
Single-chip digital signal processors 
(DSPs) are high-speed microproces¬ 
sors optimized for number-crunching. 

DSPs are moving into the main¬ 
stream, enjoying success and proliferation 
similar to that of general-purpose micro¬ 
processors. These cost-effective devices 
provide high performance, program¬ 
mability and reliability in applications 
which had used performance-limited 
microprocessor, expensive custom or 
environment-sensitive analog solu¬ 
tions, including: 

• Active suspension in automobiles 

• 3-D graphics 

• Cellular phones 

• High-speed servo control 

• Image processing 

• Multimedia 

• Fax modems 

Texas Instruments, the recognized 
leader in general-purpose, single-chip 
DSPs, offers a wide range of fixed- and 
floating-point DSP solutions. Currently 
over 10,000 users enjoy the benefits that 
TITMS320 DSPs bring to applications. 
High-performance single- and multi- 
DSP solutions offer 40-megaflop perfor¬ 
mance and beyond. Low-cost single-chip 
devices, available for as little as $3, make 
DSP viable for even the most cost-sensi¬ 
tive applications like consumer and 
automotive products. 

And, since ease-of-use and time-to- 
market are a primary concern, TI 
offers world-class development tools 
and support. TPs DSP development 
support equals that offered for general- 
purpose microprocessors, effectively 
shortening the development cycle and 
helping to speed products to market. 



TMS320 Digital Signal Processors have found success in a i vide variety of 
applications . 


FEATURES 


BENEFITS 

□ Device throughput to 40 MFLOPS 

□ 

High performance 

□ Device cycle times as fast as 35 ns 



□ High level of system integration 

□ 

Lower system cost 

□ Low-cost solutions, as low as $.80 



per MIP 



□ World-class support and 

□ 

Ease of use 

development environment 

□ 

Shorter development times 

□ Programmability 

□ 

Flexibility/upgradeability 

□ Device compatibility 



□ Digital solution 

□ 

Reliability; manufacturability 






















THE ADVANTAGES OF DIGITAL SIGNAL PROCESSORS 


DIGITAL SIGNAL 
PROCESSING 

Digital signal processing involves the 
processing and manipulation of digital 
signals in real time. An analog signal 
such as speech is filtered, sampled 
using an analog to digital converter 
(A/D) and then input to a device such 
as a digital signal processor (DSP). 

The DSP performs a series of math¬ 
intensive functions manipulating the 
digital signal. A digital to analog con¬ 
verter returns the signal to the analog 
domain form, with the desired result. 

DIGITAL SIGNAL 
PROCESSORS 

Single-chip, general-purpose digital 
signal processors offer numerous 
advantages over other signal process¬ 
ing solutions like analog circuits, 
general-purpose microprocessors and 
bit-slice or custom components. DSPs 
are microprocessors optimized for high¬ 
speed number-crunching or multiply/ 
accumulate (MAC) math-intensive 
applications. 

Benefits of DSPs include greater 
reliability, higher performance and 
throughput, cost-effectiveness and ease- 
of-use. In addition, with a DSP solu¬ 
tion, the hardware is straightforward, 
and the algorithm or software differen¬ 
tiates a system. This can mean that 
additional system features may be 
added for little or no additional cost. 

A digital approach is not subject to 
environmental effects like component 
drift and aging, as is an analog approach. 
More and more applications are mov¬ 
ing to digital solutions like DSPs be¬ 
cause they are inherently more reliable 
and offer repeatable results. Another 
advantage over an analog solution is 
the ability to simulate a DSP design in 
software for easy modification. This 
can substantially reduce development 
time. Even very complex functions in 
analog can be straightforward using 
digital techniques. 

Digital signal processors provide a 
higher level of sustained, real-time 
performance and throughput than a 
general-purpose microprocessor, offer¬ 
ing as much as ten times the perfor¬ 
mance/throughput in numerically- 
intensive tasks. The same development 
environment traditionally enjoyed in 
microprocessor development is avail¬ 
able for TI’s TMS320 DSPs. This 
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This voice mail system is representative of a typical DSP system. Speech is input, 
digitized, compressed and stored until accessed. 



DSPs offer numerous advantages over other signal processing solutions, throughout 
a similar application'performance range. 


enhances ease-of-use and can shorten 
development time for faster time-to- 
market. In addition, TI DSP devices 
are available at prices comparable to 
prices for general-purpose micro¬ 
processors and microcontrollers. 

DSPs are experiencing a prolifera¬ 
tion similar to that of the general- 
purpose microprocessor in the 1970’s, 
as advances in single-chip DSP tech¬ 
nology enable new applications for 
DSP in graphics, imaging, neural 
networking and high-speed embedded 
applications. 


DSPs are programmable, offering 
several advantages over bit-slice and 
custom solutions. Programmability 
means that designs are flexible and 
can be easily upgraded. DSPs are 
available “off-the-shelf” for less risk 
and shorter development times. DSPs 
are less expensive in the majority of 
applications where volume does not 
warrant the expense of a custom solu¬ 
tion. Comprehensive development 
support and a large existing software 
base make DSP development much 
easier than the custom approach. 
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SERVING A GROWING SPECTRUM OF APPLICATIONS 


TRENDS IN 

DSP APPLICATIONS 

TMS320 digital signal processors have 
found success in a wide variety of 
applications due to their performance, 
reliability, programmability and cost- 
effectiveness. 

Widespread use of TMS320 DSPs 
first began in what are now considered 
“traditional” applications for DSP, 
such as telecommunications and data 
communications. DSP device technol¬ 
ogy continues to advance, resulting in 
even higher performance and lower 
cost. This means that new applications 
are enabled as DSP solutions become 
technically feasible and/or cost- 
effective. “Non-traditional” or emerg¬ 
ing DSP applications include high¬ 
speed servo control, graphics/image 
processing and multimedia. 

TRADITIONAL DSP 
APPLICATIONS 

In traditional applications for digital 
signal processors (such as telecom, 
datacom and audio processing), DSPs 
commonly perform speech and audio 
processing, fast Fourier transforms 
(FFTs) and spectral analysis. Such 
voice, speech and audio functions use 
arrays of data and can benefit from 
DSP-specific features such as fast mul¬ 
tiply, add and data move capabilities. 
The TMS320 DSP family architecture 
is designed to maximize performance 
in these types of functions. 


Applications in telecommunica¬ 
tions include echo cancellation, multi¬ 
plexing, transcoding and rate adapters. 
Consumer telecom-type applications 
include answering machines and 
cellular telephones. 

Data communications applications 
include fax and data modems. Audio 
processing applications include high- 
fidelity sound systems for music synthe¬ 
sis, graphics equalization and surround- 
sound effects. 

Traditional DSP applications are 
also expanding into cost-sensitive 
areas as the price of DSPs comes down. 
For example, cellular telephony is cur¬ 
rently moving from traditional analog 
solutions to an all-digital DSP solu¬ 
tion, which can provide greater call¬ 
carrying capacity in the same band¬ 
width. Answering machines are also 
moving to all-digital solid-state DSP 
solutions for increased functionality 
and reliability. 

“NON-TRADITIONAL” 
AND EMERGING DSP 
APPLICATIONS 

The growth in the DSP market con¬ 
tinues to be fueled by the move to 
DSP in non-traditional and emerg¬ 
ing applications, as increases in DSP 
performance, throughput and integra¬ 
tion and the addition of more 
general-purpose features make DSP 
technically feasible and/or cost- 
effective. 


DSPs manipulate control signals in 
high-speed servo control applications 
such as hard disk drives, auto engine 
control, braking and suspension and in 
robotics and industrial motor control. 
Use of DSP to implement control algo¬ 
rithms increases precision and perfor¬ 
mance by eliminating the need for 
look-up tables which can require 
additional memory and slow system 
response time. TMS320 DSP devices 
are available which are optimized for 
control applications, incorporating 
many control peripheral functions on 
chip. This increases system performance 
and reduces board space and cost. 

In embedded applications DSP can 
often handle not only the embedded 
task but also I/O-intensive system 
management functions typically han¬ 
dled by a host CPU. This is due to 
potential performance “surplus” and 
general-purpose features of a DSP. 
Such applications include multimedia, 
graphics and imaging—anywhere a 
RISC is used. 

DSPs are used as high-speed math 
coprocessors for matrix operations in 3-D 
graphics and imaging. TITMS320 DSPs 
bring essential programmability, high sys¬ 
tem integration, easy host interface, multi¬ 
processing capability and high sustained 
throughput to these computation-inten¬ 
sive tasks. The DSP may function as the 
transform engine in high-performance 
3-D graphics, as the DCT/convolution 
processor in imaging systems and the con¬ 
nection processor in neural networks. 

Many consumer applications take 
advantage of low-cost TMS320 DSPs. 
DSP can bring new capabilities to con¬ 
sumer applications in speech, audio, 
radar detection, power tools and toys 
and games. 

Not all applications fall into a spe¬ 
cific category, however. Multimedia 
is a good example of a combination of 
traditional and non-traditional appli¬ 
cations. Multimedia can combine 
applications in telephony, speech 
recognition, graphics/imaging and 
audio processing. 

Many commercial applications such 
as telecom, datacom, control and 
imaging are also military applications. 
TI SMJ320 DSPs meet the needs of 
military applications with higher relia¬ 
bility and stringent testing standards. 
An Ada compiler is available to support 
DSP design in military applications. 


DSP APPLICATION GROWTH 
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The growth in the number of DSP applications is fueled by the proliferation of 
DSPs in non-traditional applications. 
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TMS320 DSPs: IDEAL FOR A VARIETY OF APPLICATIONS 


APPLICATIONS FOR DSP 

TELECOMMUNICATIONS 

O Cellular Telephones 

□ Adaptive Equalizers 

O Cordless Phones 

□ DTMF Encoding/Decoding 

□ 1200 to 19200 bps Modems 

O Data Encryption 

□ FAX 

□ Speaker Phones 

□ Personal Communicators 

□ Digital Speech 

□ Transcoders 

Interpolation 

□ Echo Cancellation 

O X.25 Packet Switching 

□ Digital PBXs 

O VideoConferencing 

□ Spread Spectrum 

O Line Repeaters 

Communications 

□ ISDN 

□ Channel Multiplexing 


CONSUMER 

INDUSTRIAL 

□ Solid State Answering Machines 

□ Robotics 

□ Music Synthesizer 

□ Numeric Control 

□ Radar Detectors 

□ Security Access 

□ Power Tools 

O Power Line Monitors 

□ Digital Audio/TV 

□ Motor Control 

□ Educational Toys 


INSTRUMENTATION 

MILITARY 

O Spectrum Analysis 

□ Secure Communications 

□ Function Generation 

□ Radar Processing 

O Pattern Matching 

□ Sonar Processing 

O Seismic Processing 

□ Image Processing 

O Transient Analysis 

□ Navigation 

O Digital Filtering 

□ Missile Guidance 

□ Phase-Locked Loops 

□ Radio Frequency Modems 

AUTOMOTIVE 

COMPUTER 

O Engine Control 

□ 3-D Graphics 

O Vibration Analysis 

□ Multimedia 

O Noise Cancellation 

□ Hard Disk Drives 

□ Electronic Mufflers 

□ Laser Printers 

O Antiskid Brakes 

□ Optical Character Recognition 

O Adaptive Ride Control 

□ Neural Networks 

□ Global Positioning 

O High-Speed Array Processors 

O Navigation 

□ Imaging 

O Voice Commands 


O Digital Radio 



Applications for digital signal proces¬ 
sors continue to proliferate. As DSPs 
move further into the mainstream, the 
possible applications are limited only 
by the designer’s imagination. 

Telecommunications —In telecom¬ 
munications applications, DSPs provide 
inherent system flexibility, increase 
channel capacity and lower system cost 
by eliminating the need for independent 
dedicated microprocessors. 

Control —DSP control algorithms 
eliminate the need for look-up tables 
which require additional memory and 
slow the system response time and 
bandwidth. Other DSP benefits ideal 
for this application include on-chip 
peripherals and a high-performance 
CPU for real-time processing and 
higher precision. 

Automotive —DSPs support closed 
loop control for optimal powertrain 
management and body and chassis 
control. Their use also provides im¬ 
proved reliability, safety and vehicle 
stability; reduced engine noise and 
vibration; and better anti-theft 
security. 

Military —Many commercial DSP 
applications, such as telecommunica¬ 
tions, data communications, control 
and image processing, are also military 
applications, using military DSPs pro¬ 
duced to more stringent testing and 
reliability standards. 

Consumer —Low-cost, programmable 
DSPs are available for cost-sensitive 
consumer applications. They bring 
new capabilities to these products, 
including speech I/O, digital recording 
and sophisticated control functions. Com¬ 
prehensive DSP development support 
shortens time-to-market, also. 

Multimedia —Multimedia applica¬ 
tions require DSPs to perform multi¬ 
tasking in an I/O-intensive environ¬ 
ment. DSPs are ideally suited for this 
application due to their multitasking 
capability and software availability. 

Computer/graphics/imaging —DSPs 
bring essential programmability, easy 
host interface, multiprocessing capability 
and high throughput to computation¬ 
intensive tasks requiring large volumes 
of memory and data I/O. DSP support 


tools ease design and speed time-to- 
market. 

Data communications —DSPs are 
ideal in data communications applica¬ 


tions, performing multiple communi¬ 
cation algorithms with system con¬ 
troller capabilities. DSPs add channel 
capacity and system flexibility, thus 
lowering overall system cost. 
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EXTENSIVE TMS320 SUPPORT SHORTENS DESIGN TIME 


Fast time to market, design ease and 
increased productivity are key in DSP 
system design. In addition, DSP applica¬ 
tions are typically more algorithm- 
intensive; thus, development tools 
and support play an important role in 
the success of a project. TI sets the 
industry support standard with a 
world-class offering of leading-edge 
development tools and technical sup¬ 
port. Tl offers the same development 
environment for DSP that has been 
enjoyed in general-purpose micropro¬ 
cessor design, allowing users to easily 
take advantage of the benefits of DSP. 

DSP SUPPORT 

TI offers the industry’s most compre¬ 
hensive support program of software and 
hardware tools and technical assistance. 
Leading-edge tools include: optimizing 
high-level language compilers (C and 
Ada), C/assembly source debuggers, 
low-cost evaluation tools, simulators, 
assembler/linkers, scan-based emulators 
and the first DSP operating system, 
SPOX. Technical assistance is available 
through the TI field technical staff and 
Regional Technology Centers (RTCs). 
TI DSP personnel are available to 
answer technical questions through 
the TMS320 hotline, and the TMS320 
bulletin board service may be accessed 
for product information and applica¬ 
tion code. 

In addition, over 2,000 pages of 
applications notes and code and an 
extensive library of DSP texbooks are 
available. Over 200 universities take 
advantage of the TMS320 University 
Program. Hands-on workshops are of¬ 
fered through TI, and more than 100 
third parties and consultants offer 
TMS320 development products and 
services. 




TI’s offering of world-class development support assists designers in all aspects of 
TMS320 system design. 


TI DSP SUPPORT TOOLS 





FLOATING¬ 


FIXED-POINT 

POINT 


Clx 

C2x 

C5x 

C3x 

C4x 

S/W Development Tools 






Assembler/Linker 

T/3 

T/3 

T 

T 

P 

Simulator 

T/3 

T/3 

T 

T/3 

P 

High-level Language Compiler 

3 

T/3 

T 

T/3 

P 

Application Algorithms 

T/3 

T/3 

P 

T/3 

P 

Real-time Operating System 

— 

— 

— 

3 

P 

Filter Design 

T/3 

T/3 

P 

T/3 

P 

HLL Debugger 

P 

P 

T 

T 

P 

H/W Development Tools 






EVM/SWDS 

T/3 

T/3 

T 

T/3 

P 

AIB 

T/3 

T/3 

P 

3 

P 

Emulator 

T/3 

T/3 

T 

T 

P 

Algorithm Development Board 

T 

T 

T 

T 

T 

Behavioral Models 

3 

3 

P 

3 

P 

Application Support 






Hands-on Training 

T 

T 

P 

T 

P 

Application Reports/Textbooks 

T 

T 

P 

T 

P 

T - Currently available from TI 3 - Available from a TI third party 

P - Planned; contact TI for availability 
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TI TMS320: THE DSP OF CHOICE 



TI offers a broad family of compatible DSP devices. 


THE TMS320 FAMILY 



Generation 


Five generations of compatible DSPs offer fixed- and floating-point solutions from 
$3 to more than 40 MFLOPS. 


Selecting the right DSP for your appli¬ 
cation involves the careful evalua¬ 
tion of several factors: performance, 
support, cost-effectiveness and com¬ 
patibility. A DSP user must select 
the right DSP for his application, 
closely matching a device or devices 
to his particular performance and 
cost goals. 

COMPLETE DSP 
SOLUTION 

Only Texas Instruments offers a com¬ 
plete DSP solution with DSPs that set 
industry performance standards, world- 
class development support and a 
broad family of more than 20 compa¬ 
tible high-performance and low-cost 
DSPs. Since the introduction of the 
first TMS320 in 1982, TI DSPs have 
gained wide acceptance and won mar¬ 
ket leadership as the ideal solution to a 
broad range of DSP applications. Cur¬ 
rently over 10,000 users take advan¬ 
tage of TI’s complete DSP solution. 

The TMS320 family consistently 
sets industry performance standards. 

TI fixed-point DSPs are capable of up 
to 30 MIPS. Floating-point DSPs per¬ 
form up to 40 MFLOPS. Multipro¬ 
cessing DSP solutions are capable of 
virtually unlimited system perfor¬ 
mance. 

Meeting system cost goals is essen¬ 
tial in DSP design. Over 20 TMS320 
DSPs cover a wide range of price/ 
performance alternatives. System cost 
is reduced as many DSP functions are 
integrated onto a single device. Volume 
production and advances in silicon 
processing allow reductions in the cost 
of DSPs, enabling new applications for 
DSP. Low-cost fixed-point solutions are 
available for cost-sensitive applica¬ 
tions. Low-cost floating-point DSPs 
offer cost-effective floating-point per¬ 
formance. 

EPROM and one-time program¬ 
mable (OTP) DSPs support real-time 
code development and modification 
for instant evaluation of system perfor¬ 
mance. Form-factor emulation for sys¬ 
tem test reduces risk and supports early 
field test and production. 

TMS320 FAMILY 

Based on an advanced Harvard archi¬ 
tecture, TMS320 DSPs are designed 
to execute an instruction in a single 
cycle. Performance is further opti¬ 
mized through a high degree of 
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$3 TO MORE THAN 40 MFLOPS ... THE DSP TO MEET YOUR NEEDS 


TMS320 FAMILY MATRIX 


Data Type 

Device 

Cycle 

Time 

(ns) 

Memory 

I/O 

On- 

Chip 

Timers 

Package 

On-Chip 

Off- 

Chip 

Parallel 

Serial 

DMA 

RAM 

ROM 

EPROM 

Fixed- 

* 

TMS320C10 

200 

144 

1.5K 


4K 

8x16 




DIP/PLCC 



TMS320C10-25 

160 

144 

1.5K 


4K 

8x16 




DIP/PLCC 



TMS320CKM4 

280 

144 

1.5K 


4K 

8x16 




DIP/PLCC 



TMS320C14 

160 

256 

4K 


4K 

7x16 

1 


4 

PLCC 



TMS320E14 

160 

256 


4K 

4K 

7x16 

1 


4 

CERQUAD/PLCC 


* 

TMS320C15 

200 

256 

4K 


4K 

8x16 




DIP/PLCC 


* 

TMS320C15-25 

160 

256 

4K 


4K 

8x16 




DIP/PLCC 


* 

TMS320E15 

200 

256 


4K 

4K 

8x16 




DIP/CERQUAD/PLCC 



TMS320E15-25 

160 

256 


4K 

4K 

8x16 




DIP/CERQUAD 



TMS320C17 

200 

256 

4K 


4K 

6x16 

2 


1 

DIP/PLCC 



TMS320E17 

200 

256 


4K 

4K 

6x16 

2 


1 

DIP/CERQUAD/PLCC 



TMS320C16 

114 

256 

8K 


64K 

8x16 




QFP 


* 

TMS32020 

200 

544 



128K 

16x16 

1 

• 

1 

PGA 


* 

TMS320C25 

100 

544 

4K 


128K 

16x16 

1 

• 

1 

PGA/PLCC 



TMS320C25-33 

120 

544 

4K 


128K 

16x16 

1 

• 

1 

PLCC 


* 

TMS320C25-50 

80 

544 

4K 


128K 

16x16 

1 

• 

1 

PGA/PLCC 


* 

TMS320E25 

100 

544 


4K 

128K 

16x16 

1 

• 

1 

CERQUAD 



TMS320C26 

100 

1.5K 

256 


128K 

16x16 

1 

• 

1 

PLCC 


* 

TMS320C50 

50 

10K 

2K 


192K 

64Kxl6 

2 

• 

1 

QFP 


* 

TMS320C51 

50 

2K 

8K 


192K 

64Kxl6 

2 

• 

1 

QFP 



TMS320C51-57 

35 

2K 

8K 


192K 

64Kxl6 

2 

• 

1 

QFP 

Floating- 

* 

TMS320C30 

60 

2K 

4K 


16M 

16Mx32 

2 

•• 

2 

PGA 

Point 


TMS320C30-27 

74 

2K 

4K 


16M 

16Mx32 

2 

•• 

2 

PGA 



TMS320C31 

60 

2K 



16M 

16Mx32 

1 

•• 

1 

QFP 



TMS320C31-27 

74 

2K 



16M 

16Mx32 

1 

•• 

1 

QFP 


* For information on military versions of these devices, contact your local TI sales office. • External DMA •• External/Internal DMA 


TMS320 DSP COST TRENDS 




The TMS320 fixed-point DSP cost per MIP and floating-point cost per MFLOP 
continue to decrease over time. 



parallelism. The TMS320 instruction 
set contains DSP-specific commands 
that perform several operations in the 
same machine cycle, such as single¬ 
cycle multiply/accumulate/data move. 
Large on-chip memories and peripher¬ 
als increase performance, reduce sys¬ 
tem size and cost and limit power 
consumption. 

The TMS320 DSP family is currently 
made up of five generations of DSPs and 
a variety of price/performance alterna¬ 
tives. The TMS320Clx, TMS320C2x 
and TMS320C5x generations are com¬ 
prised of fixed-point DSPs, while the 
TMS320C3x and TMS320C4x are 
floating-point generations. Spin-offs 
based on the core CPU of each genera¬ 
tion offer new memory and peripheral 
configurations to address specific 
applications needs. New higher-perfor¬ 
mance, code-compatible generations are 
developed to provide an easy product 
upgrade path while preserving the user’s 
software investment. 

TI’s commitment to providing a 
complete DSP solution, high-perfor¬ 
mance and cost-effective devices, 
world-class development support and 
a broad choice of DSPs has made the 
TMS320 the DSP of choice. 


MORE TMS320 
INFORMATION 

Move your application into the main¬ 
stream with the leader in DSP. Com¬ 
plete and return the attached coupon 


for TMS320 DSP technical product 
information. For pricing and avail¬ 
ability information, contact your local 
TI Field Sales Office or authorized 
distributor. 
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TI Worldwide 
Sales Offices 


ALABAMA: Huntsville: 500 Wynn Drive, Suite 514, 
Huntsville, AL 35805, (205) 837-7530. 

ARIZONA: Phoenix: 8825 N. 23rd Ave., Phoenix, 

AZ 85021, (602) 995-1007;TUCSON: 818 W. Miracle 
Mile, Suite 43, Tucson, AZ 85705, (602) 292-2640. 

CALIFORNIA: Irvine: 17891 Cartwright Dr., Irvine, CA 
92714, (714) 660-1200; Roseville: 1 Sierra Gate 
Plaza, Roseville, CA 95678, (916) 786-9208; 

San Diego: 4333 View Ridge Ave., Suite 100, 

San Diego, CA 92123, (619) 278-9601; 

Santa Clara: 5353 Betsy Ross Dr., Santa Clara, CA 
95054, (408) 980-9000; Torrance: 690 Knox St., 
Torrance, CA 90502, (213) 217-7010; 

Woodland Hills: 21220 Erwin St., Woodland Hills, 

CA 91367, (818) 704-7759. 

COLORADO: Aurora: 1400 S. Potomac Ave., 

Suite 101, Aurora, CO 80012, (303) 368-8000. 

CONNECTICUT: Wallingford: 9 Barnes Industrial Park 
Rd., Barnes Industrial Park, Wallingford, 

CT 06492, (203) 269-0074. 

FLORIDA: Altamonte Springs: 370 S. North Lake Blvd, 
Altamonte Springs, FL 32701, (305) 260-2116; 

Ft. Lauderdale: 2950 N.W. 62nd St., 

Ft. Lauderdale, FL 33309, (305) 973-8502; 

Tampa: 4803 George Rd., Suite 390, 

Tampa, FL 33634, (813) 885-7411. 

GEORGIA: Norcross: 5515 Spalding Drive, Norcross, 
GA 30092, (404) 662-7900 

ILLINOIS: Arlington Heights: 515 W. Algonquin, 
Arlington Heights, IL 60005, (312) 640-2925. 

INDIANA: Ft. Wayne: 2020 Inwood Dr., 

Ft. Wayne, IN 46815, (219) 424-5174; 

Carmel: 550 Congressional Dr., Carmel, IN 46032, 
(317) 573-6400. 

IOWA: Cedar Rapids: 373 Collins Rd. NE, Suite 201, 
Cedar Rapids, IA 52402, (319) 395-9550. 

KANSAS: Overland Park: 7300 College Blvd., Lighton 
Plaza, Overland Park, KS 66210, (913) 451-4511. 

MARYLAND: Columbia: 8815 Centre Park Dr., 
Columbia MD 21045, (301) 964-2003. 

MASSACHUSETTS: Waltham: 950 Winter St., 
Waltham, MA 02154, (617) 895-9100. 

MICHIGAN: Farmington Hills: 33737 W. 12 Mile Rd., 
Farmington Hills, Ml 48018, (313) 553-1569. 

Grand Rapids: 3075 Orchard Vista Dr. S.E., 

Grand Rapids, Ml 49506, (616) 957-4200. 

MINNESOTA: Eden Prairie: 11000 W. 78th St., 

Eden Prairie, MN 55344 (612) 828-9300. 

MISSOURI: St. Louis: 11816 Borman Drive, 

St. Louis, MO 63146, (314) 569-7600. 

NEW JERSEY: Iselin: 485E U.S. Route 1 South, 
Parkway Towers, Iselin, NJ 08830 (201) 750-1050. 

NEW MEXICO: Albuquerque: 2820-D Broadbent Pkwy 
NE, Albuquerque, NM 87107, (505) 345-2555. 

NEW YORK: East Syracuse: 6365 Collamer Dr., 

East Syracuse, NY 13057, (315) 463-9291; 

Melville: 1895 Walt Whitman Rd., P.O. Box 2936, 
Melville, NY 11747, (516) 454-6600; 

Pittsford: 2851 Clover St., Pittsford, NY 14534, 

(716) 385-6770; 

Poughkeepsie: 385 South Rd., Poughkeepsie, 

NY 12601, (914) 473-2900. 

NORTH CAROLINA: Charlotte: 8 Woodlawn Green, 
Woodlawn Rd., Charlotte, NC 28210, (704) 

527-0933; Raleigh: 2809 Highwoods Blvd., Suite 100, 
Raleigh, NC 27625, (919) 876-2725. 

OHIO: Beachwood: 23775 Commerce Park Rd., 
Beachwood, OH 44122, (216) 464-6100; 

Beavercreek: 4200 Colonel Glenn Hwy., 

Beavercreek, OH 45431, (513) 427-6200. 

OREGON: Beaverton: 6700 SW 105th St., Suite 110, 
Beaverton, OR 97005, (503) 643-6758. 

PENNSYLVANIA: Blue Bell: 670 Sentry Pkwy, 

Blue Bell, PA 19422, (215) 825-9500. 

PUERTO RICO: Hato Rey: Mercantil Plaza Bldg., 

Suite 505, Hato Rey, PR 00918, (809) 753-8700. 

TENNESSEE: Johnson City: Erwin Hwy, 

P.O. Drawer 1255, Johnson City, TN 37605 
(615) 461-2192. 
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TEXAS: Austin: 12501 Research Blvd., Austin, TX 
78759, (512) 250-7655; Richardson: 1001 E. 
Campbell Rd., Richardson, TX 75081, 

(214) 680-5082; Houston: 9100 Southwest Frwy., 
Suite 250, Houston, TX 77074, (713) 778-6592; 

San Antonio: 1000 Central Parkway South, 

San Antonio, TX 78232, (512) 496-1779. 

UTAH: Murray: 5201 South Green St., Suite 200, 
Murray, UT 84123, (801) 266-8972. 

WASHINGTON: Redmond: 5010 148th NE, Bldg B, 
Suite 107, Redmond, WA 98052, (206) 881-3080. 

WISCONSIN: Brookfield: 450 N. Sunny Slope, Suite 
150, Brookfield, Wl 53005, (414) 782-2899. 

CANADA: Nepean: 301 Moodie Drive, Mallorn Center, 
Nepean, Ontario, Canada, K2H9C4, 

(613) 726-1970. Richmond Hill: 280 Centre St. E., 
Richmond Hill L4C1B1, Ontario, Canada 
(416) 884-9181; St. Laurent: Ville St. Laurent 
Quebec, 9460 Trans Canada Hwy., St. Laurent, 
Quebec, Canada H4S1R7, (514) 336-1860. 


ARGENTINA: Texas Instruments Argentina Viamonte 
1119, 1053 Capital Federal, Buenos Aires, Argentina, 
541/748-3699 

AUSTRALIA (& NEW ZEALAND): Texas Instruments 
Australia Ltd.: 6-10 Talavera Rd., North Ryde 
(Sydney), New South Wales, Australia 2113, 

2 + 887-1122; 5th Floor, 418 St. Kilda Road, 
Melbourne, Victoria, Australia 3004, 3 + 267-4677; 
171 Philip Highway, Elizabeth, South Australia 5112, 
8 + 255-2066. 

AUSTRIA: Texas Instruments Ges.m.b.H.: 
Industriestrabe B/16, A-2345 Brunn/Gebirge, 
2236-846210. 

BELGIUM: Texas Instruments N.V. Belgium S.A.: 11, 
Avenue Jules Bondetlaan 11, 1140 Brussels, Belgium, 
(02) 242-3080. 

BRAZIL: Texas Instruments Electronicos do Brasil 
Ltda.: Rua Paes Leme, 524-7 Andar Pinheiros, 05424 
Sao Paulo, Brazil, 0815-6166. 

DENMARK: Texas Instruments A/S, Mairelundvej 46E, 
2730 Herlev, Denmark, 2 - 91 74 00. 

FINLAND: Texas Instruments Finland OY: 

Ahertajantie 3, P.O. Box 81, ESPOO, Finland, (90) 
0-461-422. 

FRANCE: Texas Instruments France: Paris Office, BP 
67 8-10 Avenue Morane-Saulnier, 78141 Velizy- 
Villacoublay cedex (1) 30 70 1003. 

GERMANY (Fed. Republic of Germany): Texas 
Instruments Deutschland GmbH: Haggertystrasse 1, 
8050 Freising, 8161 +80-4591; Kurfuerstendamm 
195/196, 1000 Berlin 15, 30 + 882-7365; III, Hagen 
43/Kibbelstrasse, .19, 4300 Essen, 201-24250; 
Kirchhorsterstrasse 2, 3000 Hannover 51, 

511 +648021; Maybachstrabe 11, 7302 Ostfildern 

2- Nelingen, 711 +34030. 

HONG KONG: Texas Instruments Hong Kong Ltd., 8th 
Floor, World Shipping Ctr., 7 Canton Rd., Kowloon, 
Hong Kong, (852) 3-7351223. 

IRELAND: Texas Instruments (Ireland) Limited: 

7/8 Harcourt Street, Stillorgan, County Dublin, Eire, 

1 781677. 

ITALY: Texas Instruments Italia S.p.A. Divisione 
Semiconduttori: Viale Europa, 40, 20093 Cologne 
Monzese (Milano), (02) 253001; Via Castello della 
Magliana, 38, 00148 Roma. (06) 5222651; 

Via Amendola, 17, 40100 Bologna, (051) 554004. 

JAPAN: Tokyo Marketing/Sales (Headquarters): 

Texas Instruments Japan Ltd., MS Shibaura Bldg., 9F, 
4-13-23 Shibaura, Minato-ku, Tokyo 108, Japan, 
03-769-8700. Texas Instruments Japan Ltd.: Nissho- 
Iwai Bldg. 5F, 30 Imabashi 3-chome, Higashi-ku, 

Osaka 541, Japan, 06-294-1881; Daini Toyota West 
Bldg. 7F, 10-27 Meieki 4-chome, Nakamura-ku, 
Nagoya 450, 052-583-8691; Daiichi Seimei Bldg. 6F, 

3- 10 Oyama-cho, Kanazawa 920, Ishikawa-ken, 
0762-23-5471; Daiichi Olympic Tachikawa Bldg. 6F, 

1- 25-12 Akebono-cho, Tachikawa 190, Tokyo, 
0425-27-6426; Matsumoto Showa Bldg. 6F, 2-11 
Fukashi 1-chome, Matsumoto 390, Nagano-ken, 
0263-33-1060; Yokohama Nishiguchi KN Bldg. 6F, 

2- 8-4 Kita-Saiwai-cho, Nishi-ku, Yokohama 220, 
045-322-6741; Nihon Seimei Kyoto Yasaka Bldg. 5F, 
843-2 Higashi Shiokohjidori, Nishinotoh-in Higashi-iru, 
Shiokouji, Shimogyo-ku, Kyoto 600, 075-341-7713; 
2597-1, Aza Harudai, Oaza Yasaka, Kitsuki 873, Oita- 
ken, 09786-3-3211; Miho Plant. 2350 Kihara Miho- 
mura, Inashiki-gun 300-04, Ibaragi-ken, 

0298-85-2541. 
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KOREA: Texas Instruments Korea Ltd., 28th FL, Trade 
Tower, #159, Samsung-Dong, Kangnam-ku, Seoul, 
Korea 2 + 551-2810. 

MEXICO: Texas Instruments de Mexico S.A.: Alfonso 
Reyes—115, Col. Hipodromo Condesa, Mexico, D.F., 
Mexico 06120, 525/525-3860. 

MIDDLE EAST: Texas Instruments: No. 13, 1st Floor 
Mannai Bldg., Diplomatic Area, P.O. Box 26335, 
Manama Bahrain, Arabian Gulf, 973 + 274681. 

NETHERLANDS: Texas Instruments Holland B.V., 

19 Hogehilweg, 1100 AZ Amsterdam —Zuidoost, 
Holland 20 + 5602911. 

NORWAY: Texas Instruments Norway A/S: PB106, 
Refstad 0585, Oslo 5, Norway, (2) 155090. 

PEOPLES REPUBLIC OF CHINA: Texas Instruments 
China Inc., Beijing Representative Office, 7-05 Citic 
Bldg., 19 Jianguomenwai Dajje, Beijing, China, (861) 
5002255, Ext. 3750. 

PHILIPPINES: Texas Instruments Asia Ltd.: 14th Floor, 
Ba- Lepanto Bldg., Paseo de Roxas, Makati, Metro 
Manila, Philippines, 817-60-31. 

PORTUGAL: Texas Instruments Equipamento 
Electronico (Portugal), Lda.: Rua Eng. Frederico Ulrich, 
2650 Moreira Da Maia, 4470 Maia, Portugal, 
2-948-1003. 

SINGAPORE (+ INDIA. INDONESIA, MALAYSIA. 
THAILAND): Texas Instruments Singapore (PTE) Ltd., 
Asia Pacific Division, 101 Thompson Rd. #23-01, 
United Square, Singapore 1130, 350-8100. 

SPAIN: Texas Instruments Espana, S.A.: C/Jose 
Lazaro Galdiano No. 6, Madrid 28036, 1/458.14.58. 

SWEDEN: Texas Instruments International Trade 
Corporation (Sverigefilialen): S-164-93, Stockholm, 
Sweden, 8 - 752-5800. 

SWITZERLAND: Texas Instruments, Inc., Reidstrasse 
6, CH-8953 Dietikon (Zuerich) Switzerland, 

1-740 2220. 

TAIWAN: Texas Instruments Supply Co., 9th Floor 
Bank Tower, 205 Tun Hwa N. Rd., Taipei, Taiwan, 
Republic of China, 2 + 713-9311. 

UNITED KINGDOM: Texas Instruments Limited: 

Manton Lane, Bedford, MK41 7PA, England, 0234 
270111. 


TRADEMARKS 

SPOX is a trademark of Spectron 
Microsystems, Incorporated. MS-DOS 
is a trademark of Microsoft. VAX, 
VMS and ULTRIX are trademarks of 
the Digital Equipment Corporation. 
UNIX is a trademark of AT&T. 

Sun-3 and Sun-4 are trademarks of 
Sun Microsystems. 

IMPORTANT NOTICE 

Texas Instruments reserves the right 
to make changes at any time in 
order to improve designs and to sup¬ 
ply the best possible product. Texas 
Instruments provides customer assis¬ 
tance in varied technical areas. Since 
TI does not possess full access to data 
concerning all of the uses and applica 
tions of customers’ products, respon¬ 
sibility is assumed by TI neither for 
customer product design nor for any 
infringements of patents or rights of 
others which may result from TI 
assistance. 
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